Methods for electrophoretic separation of amino acids, peptides and proteins on filter paper were developed independently by several investigators (1-5) during the years 1948-50. The major protein components of serum could be separated satisfactorily by this principle. The serum proteins on the paper were stained with dye; by cutting the paper into segments and eluting the dye, the amount bound in each segment could be estimated and an electrophoretic pattern constructed. The quicker procedure of photometric quantitation of the resolved serum components directly from the paper strip was introduced by Grassmann, Hannig, and Knedel (6, 7). Variables which affect electrophoretic movement of protein and peptide in a paper supported buffer medium include variations in potential gradient, temperature, pH, ionic strength and nature of the buffer used, thickness of the filter paper, evaporation, time of run, and nature of the protein itself. Paper electrophoresis is well established as a research technique, having been successfully used in serum protein and lipid analysis (2-20), identification of the iron-binding globulin (21), study of gastric mucins (22), serum transport of thyroglobulin (23) and identification of abnormal hemoglobins (24, 25). This report relates experiences with the GrassmannHannig and Durrum methods of paper electrophoresis of serum proteins and photometric measurement of the amount of dye bound by the serum protein fractions. The significance of results ob-
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MATERIAL AND METHODS
Collection of samples. Sera were obtained from fasting subjects and stored at 40 C. Electrophoresis was usually performed on the following day, and not longer than seven days after obtaining the specimen. The results of analyses on 55 subjects are presented.4
Paper electrophoresis apparatus and technique. The apparatus described by Grassmann and Hannig (7), and a minor modification of that described by Durrum (26) were used. Both employ similar principles. Each Grassmann-Hannig box holds two papers in a horizontal position, and three boxes were usually run simultaneously. Strips of Whatman No. 1 filter paper, 4 cm. X 30 cm. were used. After the paper strip had been moistened in buffer, gently blotted and placed in position in the box,5 approximately 0.01 ml. of serum was carefully applied6 as a narrow band across the center of the strip to within 0.5 cm. of either edge. Even distribution and linear application of protein were important in determining the quality of the resolution. A diethylbarbituric acid-sodium barbital buffer, pH 8.6, ionic strength 0.1 was used. Several runs could be made with one lot of buffer without change in pH, but the polarity was changed after each run; after every second run, the electrodes were washed free of deposited barbiturate. A Initially, the dry papers were suspended over the rack and buffer was allowed to gradually soak upwards from the buffer chamber; the serum was applied as a band across the dry section of the paper just before the buffer rising up the two halves of the paper met at the top. It was later found more satisfactory to moisten and blot the entire paper, suspend it horizontally, apply the serum across the center, and then suspend the paper strip over the rack. Movement of albumin during electrophoresis could be followed by adding a small amount of dye (azocarmine or bromphenol blue) to the serum specimen to be used.
Electrophoresis was carried out routinely in the refrigerator at 4°C., although temperature control may not actually be important (7, 27) . No studies on the effect of temperature on quality of separation were made in this laboratory.
With either apparatus, best results were obtained with a diethylbarbituric acid-sodium barbital buffer pH 8.6, ionic strength 0.1. Other types of buffers appraised included sodium barbital-acetate, pH 7-9, sodium barbitalcitrate pH 8.6, phosphate pH 7-9, phosphate-citrate pH 6-8, and phosphate-citrate-borate pH 7-9, all of ionic strength 0.1. Phosphate buffers are prepared in a simpler fashion and less expensively than barbiturate buffers, permit more rapid movement of serum components, and give a satisfactory separation of p and Y globulins. However, of the buffers evaluated, only barbiturate solutions resolved a,, globulin from albumin. Protein movement was faster using buffers of ionic strength 0.05, and a run could be completed in 6 to 7 hours; good patterns were obtained but protein "trailing" seemed more pronounced.
After removal from the apparatus, excess moisture was immediately blotted from the buffer-soaked ends of the papers; otherwise this moisture moved towards the center of the strip, displacing the albumin band back towards the point of application and causing some smearing of the pattern. Paper strips were partially dried in air, then transferred to an oven at 100°C. for 30 minutes.
Staining of paper strips. Both amido black 10 B (Grassmann and Hannig [7] ) and azocarmine (Turba and Enenkel [4] ) stains have been used. Papers were stained for exactly 10 minutes, as it had been emphasized that dye uptake by globulins increases slowly with time (8) . For with 10 per cent acetic acid in methanol.7 Decolorization was never quite complete; however the faint blue backcground did not interfere with photometric registration of protein-bound dye. Azocarmine gave a less intense stain. Prior to its application, protein was "fixed" by immersion of the strip in methanol for 5 minutes.
After staining, papers were easily and quickldy decolorized with 10 per cent acetic acid. The azocarmine stain faded appreciably in 5 to 6 weeks, whereas amido black did not appear to do so. With either dye, easy decolorization of the protein-free paper with dioxane was not possible, as reported by Griffiths (15) for bromphenol blue. Although azocarmine was easier to handie, and results appeared quantitatively similar to those obtained with amido black, the latter dye was found preferable, particularly for bringing out bands of low protein concentration.
Photometric measure of protein concentration. Papers were rendered translucent by immersion in a solution of a-bromnaphthalene and mineral oil (7) (10 parts of mineral oil to one part of a-bromnaphthalene) before being subjected to photometry.
The Grassmann-Hannig photometer 8 was employed. The oil-soaked paper was passed millimeter by millimeter across a 4 cm. long and 1 mm. wide slit over a white light source, the light absorption being measured by a photocell and registered in optical density units. Errors associated with irregular protein movement at the edges of the paper ("edge effects") were eliminated by shortening the light slit by 1 cm. with blackc adhesive tape. When consecutive photometer readings (ordinate) were plotted against millimeter distance along the paper strip (abscissa), a smooth electrophoretic curve was obtained showing the characteristic peaks for whole serum components. The percentages of the individual serum protein components present were calculated from planimeter measurements of areas under the peaks, after dropping perpendiculars to 7 coloriwashes may be alternated with methanol washes. the baseline from the lowest points between peaks (28). Free electrophoretic methods. Free electrophoretic analysis of sera was performed with two different types of apparatus, the Pearson model of the Tiselius apparatus with a slit replacing the knife edge for recording,9 and the Perkdn-Elmer model 38. Sera were diluted 1: 4 or 1: 4.5 with barbital buffer and dialyzed against buffer for 18 hours at 5°C. Runs were made in a diethylbarbituric acid-sodium barbital buffer, pH 8.6, ionic strength 0.1 at 0-'1 C. Magnified schlieren diagrams were traced onto paper and the areas under peaks determined by planimetry. The tracings were divided into areas by lines dropped perpendicularly to the base from the lowest point between the peaks. 9 Analyses performed by Dr. N. Eriksen.
RESULTS
Readings on the photometer were demonstrated to be directly proportional to amounts of albumin protein on the paper strip, within certain limits of protein concentration ( Figure 1 ): Known quantities of human albumin in 0.01 ml. of solution were applied as a band to the paper, stained, and subjected to photometry. The planimeter areas obtained were then plotted against protein concentration; the relationship of planimeter area to protein concentration was found to be linear only up to 1.6 Gm. per cent using amido black stain, and 2.2 Gm. per cent using azocarmine. These concentrations corresponded, respectively, to protein densities produced by 2.9 x 10-' and 4.6 x 10O mg. albumin per square millimeter averaged over the area scanned by the photometer (1 x 39 mm.). The density of the albumin band in patterns of normal serum often exceeded these values, being of the order of 9 x 10-' mg. albumin per square millimeter.
Using amido black, multiple (8) responded, whereas values for a and f8 globulins, which contain the lipoproteins, were considerably lower by paper electrophoretic analysis. In advanced portal cirrhosis, the characteristic albumin depression and y globulin elevation were consistent findings (Table V) . The -y globulin peak of the pattern was usually tall and broad, but certain other abnormalities in this area were also observed. A well-marked and definite band was frequently observed between the f8 and y globulin areas corresponding to the previously described y1 fraction (33, 34) , or H component of Viollier (35) . This band was more often apparent in terminal cases, where it occasionally amounted to as much as 12 per cent of the total serum protein concentration, corresponding with Viollier's experience. In our methods of free electrophoresis, this component did not take the form of a discrete peak, but rather produced a plateau effect in the y globulin area. In other cases of cirrhosis the paper pattern showed lack of clear separation, or smearing together, of the /8 and y globulin bands, as noted by Brante (36) . Slight a globulin increases were occasionally found, as have previously been noted in cirrhosis (37) . Patients with biliary cirrhosis showed similar albumin and y globulin changes, and also some increase of /5 globulin, but the discrepancy between the paper and free electrophoretic values for A globulin was marked; the paper method gave values nearly 50 per cent lower than obtained by free electrophoresis. The seven cases of myeloma are representative of the various protein changes described in this disease (38) . Five showed the characteristic narrow spiked peak in the y globulin area. In Case Protein adsorption on the paper or "trailing," especially by the albumin fraction, is an important source of error, causing up to a 10 per cent reduction in the albumin value. The degree of adsorption has been demonstrated by electrophoresis and radioautography of 1131 labeled albumin (16) . "Trailing" may, account for the occasional lower values obtained for albumin by paper as opposed to free electrophoresis. Gamma globulin behaves in a similar way, but no error is introduced with the technique described, owing to its limited mobility. "Trailing" of protein on the paper is largely responsible for the failure of the valleys between the peaks to approach the baseline of the electrophoretic pattern as closely as occurs in free electrophoresis. Thus, the area under the globulin peaks may not entirely represent single fractions, but will contain elements of the faster moving fractions, particularly albumin. When adsorption, or inadequate separation, results in the areas of individual globulin components appearing as "shoulders" rather than discrete peaks, any attempt to resolve the pattern into areas is quite inaccurate.
Noting a lack of agreement between the paper and free electrophoretic analysis of the same serum, previous investigators concluded that a "globulin factor" should be used to equate the results obtained by the two methods. However, there has been no unanimity of opinion as to the magnitude or desirability of such a factor, as evidenced by the following observations: Using bromphenol blue and elution, Cremer and Tiselius (3) observed that globulins appeared to bind less dye than albumin and derived a factor of 1.6 by which the globulin values should be multiplied to achieve comparability with free electrophoretic analysis. Similar factors have been used by subsequent workers employing the dye elution technic (8, 9, 12) . Com- The electrophoretic alterations in serum of diseased states which affect plasma protein metabolism have been fully reviewed (40, (43) (44) (45) 
